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I n  the p a s t  few years  w e  have s e n t  unmanned probes  
c l o s e  to Venus and Mars, we have so f t - l anded  on and photographed 
the  Moon, and we have s e n t  probes far out around t h e  sun. I n  
t h e  years ahead, we w i l l  s u r e l y  a c c e l e r a t e  t h i s  e x p l o r a t i o n  of 
t h e  bodies  and space i n  our solar system. I n  judging t h e  merits 
of a l t e r n a t i v e  space missions,  i t  i s  e s s e n t i a l  t o  keep i n  mind 
the ma jo r  s c i e n t i f i c  o r  t echno log ica l  q u e s t i o n s  t o  be answered. 

This paper  a t tempts  first tc! summmize t h e  m a j o r  
q u e s t i o n s  men are now asking  about  the  s o l a r  system. A p r i o r i t y  
l i s t i n g  of s p e c i f i c  g o a l s  f o r  e x p l o r a t i o n  i s  then  made t a k i n g  
i n t o  account  bo th  t h e  importance of t h e  informat ion  obta ined  and 
the  l i k e l i h o o d  of e a r l y  a t t a inmen t .  
i n fo rma t ion  needed for t h e s e  g o a l s  f o l l o w s , , m d  f i n a l l y ,  a few 
comments on t h e  s t r a t e g y  and means of e x p l o r a t i o n  a r e  made. 

A l i s t  o f  t echno log ica l  

Genera l  Goals 

The Space Science Board of t h e  Nat iona l  Academy of 
Sc iences  has r e c e n t l y  s t a t e d  (1) that t h e  e x p l o r a t i o n  of the  
solar s y s t e m  b e a r s  on t h r e e  c e n t r a l  s c i e n t i f i c  q u e s t i o n s  of our 
t i m e s :  

I. The o r i g i n  and evo lu t ion  of t h e  Earth,  Sun, and p l a n e t s ;  

11. The o r i g i n  and evol.ution of l i f e ;  

111. The dynamic processes  that  shape  man's t e r r e s t r i a l  
environment. 

A f o u r t h  major ques t ion  should be added i n  t h i s  d i s c u s s i o n :  

I V .  What a r e  the  d e t a i l e d  p r o p e r t i e s  of t h e  s p a t i a l  env i -  
ronment surrounding t h e  Sun and the p l a n e t s ,  and w h a t  
i s  the Sun ' s  r o l e  i n  t h i s  environment? 

These ques t ions  a r e  of c e n t r a l  importance not only i n  
r e l a t i o n  t o  t h e  solar s y s t e m  but  a l s o  i n  r ega rd  to the  r o l e  of 
t h e  s o l a r  system i n  the  universe .  We shall  t a k e  t h e  p u r s u i t  of 
answers  to these f o u r  ques t ions  as our b a s i c  g o a l s  i n  e x p l o r a t i o n  
of t h e  solar system. 
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SCIENTIFIC QUESTIONS I N - E A C H  OF THE GENERAL GOALS - 
Having s t a t e d  t h e s e  f o u r  g o a l s ,  we can now break each 

i n t o  a se t  of more s p e c i f i c  s c i e n t i f i c  q u e s t i o n s .  These w i l l  
be l i s t e d  i n  two p r i o r i t y  groupings:  most impor tan t ,  and 
impor t an t .  

I. Th.e Or ig in  and Evolut ion of t h e  S o l a r  System -- 

A .  Most Important 

1. What was t h e  source of t h e  material and mechanism of 
format ion  of t h e  sun, t h e  p l a n e t s ,  t h e i r  s a t e l l i t e s  
and 

a.  

b.  

C .  

d .  

t h e  a s t e r o i d s ?  

What a r e  the  chemical composi t ions of a l l  these  
bodies ,  and can t h e y  have come from a common 
s m r c e  such as  t h e  sslai- iiebuula? 

Was t h e  format ion  of our s o l a r  s y s t e m  t y p i c a l  
of p rocesses  s t i l l  occu r r ing  du r ing  s ta r  
format i on? 

How are  th.e d i f f e r e n c e s  i n  chemical composltion 
of t he  "ea r th - l ike"  and t h e  "major" p l a n e t s  
explained? 

Are some a s t e r o i d s  or  meteoro ids  composed of 
p r imord ia l  mat te r  cap tured  from o u t s i d e  the  
s o l a r  system? 

2. What i s  t h e  t i m e  s c a l e  of major e v e n t s  i n  our s o l a r  
s y  stem? 

a .  What major changes have occurred du r ing  i t s  evo- 
l u t  i on? 

b.  Can th.ese be da ted  by in fo rma t ion  s t o r e d  i n  t h e  
s u r f a c e s  of th.e e x p l o r a b l e  bodies?  

e .  What f u r t h e r  i n fo rma t ion  on the h i s t o r i c a l  evo- 
l u t i o n  of t h e  system can be obta ined  by p r e c i s e  
measurements of o r b i t a l  c h a r a c t e r i s t i c s  and t h e i r  
p r e s e n t  t i m e  ra te  of change? 

3. What are t h e  phys ica l  p r o c e s s e s  r e s p o n s i b l e  for t he  
p r i n c i p a l  energy r e l e a s e  of  the sun  and f o r  s o l a r  s u r f a c e  
a c t i v i t y ?  
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B. Important 

1. What e x p l a i n s  the p r e s e n t  d i s t r i b u t i o n  of masses 
i n  o r b i t  a t  var ious  r a d i i  from t h e  Sun? 

2. How stable  is  the  p r e s e n t  s o l a r  s y s t e m  conf igu ra t ion?  

3 .  What i s  t h e  mechanism of t r a p p i n g  of one body by 
another  dur ing  c lose  passage,  and what a re  t h e  e f f e c t s  
l e f t  upon t h e  bodies? 

4. What i s  t he  o r i g i n  and age of ma t t e r  t rapped i n  
l i b r a t i o n  reg ions?  

5. What i s  t h e  s t a t e  of m a t t e r  a t  extremely h igh  
d e n s i t i e s  and/or tempera tures ,  as a t  t he  centep  of 
the Sun o r  the major  p l a n e t s ?  

11. THE O R I G I N  AND EVOLUTION OF LIFE* 

A .  Most Important 

1. What i s  l i f e ?  Is  i t  merely a p rope r ty  of h i g h l y  
organized mat te r?  

2. I s  t h e r e  now or was t h e r e  ever r ecogn izab le  l i f e  
elsewhere i n  t h e  s o l a r  system? 

3. Are t h e r e  other. chemical systems than  tha t  of 
hydrogen-carbon out of  which l i v i n g  s y s t e m s  could 
ar ise? 

4. What are  t h e  necessary c o n d i t i o n s  for t h e  o r i g i n  
of p r i m i t i v e  l i f e  and what i s  the  p r o b a b i l i t y  of 
i t s  occurrence? 

B. Important  

1. Could we l e a r n  more of t he  evo lu t iona ry  p rocess  by 
examining l i f e  forms behind or  ahead of those on 
earth? 

2. I s  th.e range of muta t iona l  v a r i e t y  much g r e a t e r  or 
l e s s  i n  oth.er environments t h a n  on e a r t h ?  

3. Could s p e c i e s  exist and evolve w i t h  r e s i s t a n c e  t o  
extreme r a d i a t i o n  l e v e l s ,  and could we l e a r n  from 
them t o  develop r a d i a t i o n  r e s i s t a n c e  i n  ear th  l i f e  
systems? 

~ 

*See R e f .  2 
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4. Could terrestr ia l  s p e c i e s  adap t  to t h e  envi ron-  
mental  c o n d i t i o n s  of oth.er p l a n e t s ,  and v i c e  
ve r sa?  

5 .  W h a t e f f e c t s  upon the  e v o l u t i o n  of a p l a n e t a r y  
s u r f a c e  environment can be expected i n  t h e  
complete absence of l i f e ?  

111. THE DYNAMIC PROCESSES THAT SHAPE MAN'S TERRESTRIAL 
ENVIRONMENT 

A.  Most Important  

1. What was: th .e  geologic  e v o l u t i o n  of t h e  e a r t h  
i n  terms of i n t e r n a l  energy, d i f f e r e n t i a t i o n ,  
se i smic  processes  and s u r f a c e  e ros ion?  

a .  Wh.at can be l ea rned  of these by examining 
=rnOther e a r t h - l i k e  p l a n e t  i r z  a d i f f e r e n t  
stage of geo log ica l  evo lu t ion?  

b .  W i l l  t h e  examination of t h e  shape or com- 
p o s i t i o n  of  a small a s t e r o i d  or s a t e l l i t e  
with no volcanic  h . i s tory ,  no atmosphere 
and no l i f e ,  a l low u s  to deduce i t s  o r i g i n  
or t e a c h  u s  the  r o l e s  these. f a c t o r s  have 
played on e a r t h ?  

2.  What are t h e  atmospheric dynamics of Mars, Venus 
or J u p i t e r ,  where a l l  impor tan t  parameters  a re  
v a s t l y  d i f f e r e n t  from t h o s e  on earth? 

3. Can the  seasonal  changes observed on t h e  Mart ian 
s u r f a c e ,  ( p o l a r  cap movement and c o l o r  changes) ,  
be understood i n  terms of t e r r e s t r i a l  phenomena? 

B. Important  

1. What a re  the c h a r a c t e r i s t i c s  of t i d a l  d i s t o r t i o n s  
of one body by  anoth.er,  and what r o l e  h a s  t h i s  
e f f e c t  played i n  t he  e v o l u t i o n  of  p l a n e t s  and 
t h e i r  motion? 

2.  What are t h e  wavelengths and t r a n s p a r e n c i e s  of t he  
"windows" through the cloud cover of Venus, and 
of what are the  c louds  composed? 

3. What e x p l a i n s  the g i a n t  Red Spot and t h e  Dark 
Bdnds of  J u p i t e r ?  

4. What t y p e  of p a r t i c l e s  make up the  r i n g s  of S a t u r n  
and what i s  t h e i r  o r i g i n ?  
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I V .  PROPERTIES OF INTERPLANETARY SPACE AND THE I N T E R A C T I O N  O F  
THE SUN WITH THE PLANETS 

A .  Most Important  

1. What i s  t h e  mechanism r e s p o n s i b l e  for g e n e r a t i n g  
the  s o l a r  wind? 

2. What aFe the o v e r a l l  e f f e c t s  of t he  s o l a r  wind 
throughout  and beyond t h e  s o l a r  system? 

a .  How does it shape t h e  magnetosphere around 
p l a n e t s  wi th  magnetic f i e l d s ,  or i n t e r a c t  
w i t h  oth.ers h.aving no magnetic f i e l d ?  

b.  Is  i t  t h e  energy source  for p a r t i c l e s  i n  
t rapped  r a d i a t i o n  b e l t s ?  

c .  How far-. d o e s  i t  extend beyond the  ea r th  
and does it t e r m i n a t e  a b r u p t l y ?  

3. Wh.ich. p l a n e t s  b e s i d e  Ea r th  and J u p i t e r  p o s s e s s  
magnetic f i e l d s  and t r apped  r a d i a t i o n  b e l t s ?  

4 .  Wh.at are th.e source,  compositi.on and o r b i t a l  
c h a r a c t e r i s t i c s  of micrometeoroids  and the 
h e l i o c e n t r i c  dus t  p a r t i c l e s  g i v i n g  r i s e  to 
th.e z o d i a c a l  l i g h t ?  

B. Important  

1. Do t rapped  r a d i a t i o n  be l t s  o u t s i d e  t h e  s o l a r  
s y s t e m  g i v e  r ise  to t h e  very h i g h  e n e r g i e s  of 
g a l a c t i c  cosmic r a y s ?  

2. W i l l  w e  f i n d  th .a t  as w e  l e a v e  t h e  n o i s e  source  of 
t h e  earth. ,  enormous amounts of i n fo rma t ion  r e a c h  
i n t o  t h e  s o l a r  system from o u t e r  space,  ( a t  low 
s i g n a l  l e v e l s )  i n  the form of  gamma r a y s ,  x-rays 
and long  r a d i o  waves? 

3. What i s  t h e  d i s t r i b u t i o n  and e x t e n t  of the h.ydrogen 
cloud t rapped  about  t he  Sun and t h e  ear th? 

4. How does t h e  p a r t i c l e  f l u x  from the Sun c r e a t e  the  
e a r t h ' s  au ro ras  and c o n t r i b u t e  to upper atmosphere 
hea t ing?  
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S p e c i f i c  Goals  for Explora t ion  i n  t h e  S o l a r  System 

We now w r i t e  down a l i s t  of s p e c i f i c  o b j e c t s  i n  t h e  
s o l a r  system to be explored. T h i s  e x p l o r a t i o n  should provide  
many answers  to the  above s c i e n t i f i c  q u e s t i o n s .  We p l a c e  them 
i n  a rough p r i o r i t y  t h a t  r e f l e c t s  a g e n e r a l  consensus of op in ion  
and i s  based on two cons ide ra t ions :  (1) T h e  importance of t h e  
r e s u l t s  that  could be obtained,  and ( 2 )  The l i k e l i h o o d  on e a r l y  
a t t a inmen t .*  A l l  ocr exp lo ra t ion  r e l a t e s ,  of course,  d i r e c t l y  
to an  unders tanding  of t h e  e a r t h .  T h e  e a r t h  i s  nlit l i s t e d  h e r e  
because i t s  p r i m a r y  importance i s  assumed. 

1. The Sun and i t s  r a d i a t i o n s  

''1 Mars, Venus 3. 

4. Th.e Moon 

C >. Major Plaiiets 

6. Comets and A s t e r o i d s  

7. Mercury 

8. P l u t o  

9. Dust 

It i s  e a s i l y  seen t h a t  e x p l o r a t i o n  of each of t h e s e  
o b j e c t i v e s  w i l l  y i e l d  answers to s e v e r a l  or a l l  of the  f o u r  g e n e r a l  
g o a l s  l i s t e d  above. The sun a s  t h e  c e n t e r  of  our system, the 
source  of our energy and p o s s i b l y  t h e  source of t h e  matter f o r  a l l  
t h e  p l a n e t s ,  r e p r e s e n t s  a p r i m a r y  goa l  of e x p l o r a t i o n  from which 
many o t h e r  answers  should r e s u l t .  The d e t a i l e d  r a t i o n a l e  for t h e  
p r i o r i t y  of the remaining goa l s  has been g iven  i n  Refs.  1 & 3. The 
e x p l o r a t i o n  of the environment between sun and p l a n e t s ,  g e n e r a l  
g o a l  ( I V ) ,  w i l l  proceed n a t u r a l l y  f r o m  experiments  connected w i t h  
a l l  o t h e r  o b j e c t i v e s  i n  t h i s  l i s t .  

Need f o r  Technologica l  Data 

While a complete answer to a l l  t h e  s c i e n t i f i c  q u e s t i o n s  
above would a l s o  supply the  need for t e c h n o l o g i c a l  data for t h e  
des ign  of s p a c e c r a f t  hardware f o r  s p e c i f i c  mlssions,  we a r e  not  
l i k e l y  to g e t  t h e s e  answers soon and i n  d e t a i l .  Hence i t  i s  
wise  to i t e m i z e  t h e  more s p e c i f i c  "hard number'' answers we shall 
need early concerning each body where we wish to o r b i t  or l and  
probes  or men. These can be summarized as fo l lows :  

* T h i s  l i s t  i s  i d e n t i c a l  to that g iven  i n  Ref. 1, w i t h  two 
excep t ions :  The Space Science Board has s i n c e  p laced  more emphasis 
upon Venus t h a n  t h e  Moon, and t h e  Sun i s  included h e r e  s i n c e  t h e  
e n t i r e  solar system, nut  j u s t  p l .anetary e x p l o r a t i o n ,  i s  involved ,  
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1. Pressure ,  temperature  and composi t ion p r o f i l e s  of 
t h e  atmosphere.  
soon a s  p o s s i b l e ) .  

(This  means Mars and Venus as 

2. Surface  topography, bear ing  s t r e n g t h  and photometr ic  
p r  op e r  t i e s . 

3. P l a n e t s '  o p t i c a l  f i g u r e  and g r a v i t a t i o n a l  f i e l d .  

4. Surface temperature ,  cloud habits,  wind v e l o c i t i e s ,  
dus t  s to rms ,  p r e c i p i t a t i o n  and o t h e r  c l i m a t i c  data. 

5. M e t e o r i t i c  and r a d i a t i o n  f l u x  a t  t h e  s u r f a c e .  

Means and S t r a t egy  i n  Explora t ion  

a p p r o p r i a t e  here .  
Only a few gene ra l  remarks on t h i s  s u b j e c t  are 

It seems c l e a r  t h a t  a n a t i o n a l  (or i n t e r n a t i o n a l )  
program designed t o  pursue  t h e  broad g o a l s  of t h e  e x p l o r a t i o n  
of t h e  s o l a r  system, should make use  of the e n t i r e  spectrum 
of experimental  approaches a v a i l a b l e .  These can be l i s t e d  
b r i e f l y ,  i n  order  of inc reas ing  expense and complexi ty ,  as 

1. Earth-based observa t ion .  

2 .  Rocket, ba l loon  o r  e a r t h  o r b i t a l  obse rva t ion  (unmanned 

3. Unmanned probes  t o  t h e  p l a n e t s  or around the  sun 
wi th  dropped probes or o r b i t e r s .  

4. Manned e a r t h - o r b i t a l  obse rva t ion  

5. Manned f l y b y s  w i t h  dropped probes  and o r b i t e r s .  

6. Manned p l a n e t a r y  o r b i t a l  missions. '  

7. Manned l and ings .  

8. Extended manned explora t ion .  

A r easonab le  program must be su re  t o  support  t h e  e a r l y ,  
s imple  approaches as long  as t h e y  a r e  a b l e  t o  y i e l d  s i g n i f i c a n t  
data t h a t  w i l l  assist  more complex miss ions .  Thus,  for example 
s t r o n g  support  for ground based and earth o r b i t a l  t e l e s c o p i c  
s t u d i e s  of t h e  atmosphere of Mars and Venus are c l e a r l y  needed 
now, but  a r e  not being proposed or funded w i t h  s u f f i c i e n t  
emphasis. Again, the sur face  and a tmospher ic  tempera ture  of 
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Venus i s  a cr .ucial  q u e s t i o n  upon wh.ich a l l  f u t u r e  e x p l o r a t i o n  
p l a n s  for Venus depend:  y e t  th .ere  are  no d e f i n i t e  p l a n s  for a n  
e a r l y ,  s imple,  unmanned drop-sonde i n t o  t h e  Venus atmosphere that  
c o u l d  e a s i l y  supply these d a t a .  

A f i n a l  p o i n t  i n  planning mis s ion  s t r a t e g y :  adequate  
t i m e  must be allowed between two success ive  e x p l o r a t i o n s  of t he  
same p l a n e t  so  that  experiments c a r r i e d  on t h e  second mis s ion  
can t a k e  advantage of in format ion  gained cn the  f i r s t .  
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